Solid-state cross-polarization magic angle spinning 31P n.m.r. spectroscopy, single-crystal X-ray structure determination, and i.r. spectroscopy have been used to investigate the properties of the adducts of triphenylphosphine with silver(1) nitrate: Ag( PPh,) NO, , (1); Ag ( PPh,), NO,, (2); Ag( PPh,),NO,, (3); and Ag( PPh,),NO,, (4). The value of 'J(Ag-P) decreases with increasing co-ordination number: (1 ), 780; (2), 470; (3), 31 0; and (4), 190 Hz, paralleling solution results. Single-crystal X-ray structure determinations of compounds (2)-(4) have been performed: (2), triclinic, space group P i , a = 11.821 (3), b = 11.990(3), c = 13.660(3) A, u = 102.05(2), p = 11 2.80(2), and y = 105.30(2)", yielding R = 0.036 for 4 090 'observed' reflections; Ag-P 2.443(1) and 2.440(1) A, P-Ag-P 138.21 (5)"; (3), monoclinic, space group P2,/n, a = 18.984(5), b = 13.71 0(3), c = 17.900(4) A, and p = 94.94(2)", yielding R = 0.053 for 5 126 reflections; Ag-P 2.630(2), 2.525(1), and 2.545 2) A, P-Ag-P 11 8.37(5), 11 2.07(4), and 11 6.44(5)"; (4), trigonal, reflections; Ag-P 2.643(3) and 2.671 (4) A, P-Ag-P 109.49(12) and 109.45(10)". Structures The reaction of silver nitrate with tertiary organophosphorus ligands gives rise to adducts in which the ligand to silver ratio can vary from one to four depending on the nature of the ligand and the stoicheiometric ratios used. The nature of the solution interaction of these adducts has been analysed principally through the use of 'P n.m.r. data.'-4 Solid-state single-crystal X-ray diffraction studies have been reported for the 1 : 1 complex of triphenylphosphine, with AgN0,,5 and for the mixed-metal n.m.r. data which, in conjunction with solution n.m.r. data and X-ray diffraction results, provides important links between the structural characteristics of molecules in both the solid and solution states. In this paper we report the results of our study of the solid-state 3 1 P n.m.r. spectrum of Ag(PPh,)NO,, (l), and the solid-state 3 1 P n.m.r. spectra and crystal structure characterization of Ag(PPh3)2N0,, (2), Ag(PPh,),NO,, (3), and Ag(PPh3)4N0,,(4).
The reaction of silver nitrate with tertiary organophosphorus ligands gives rise to adducts in which the ligand to silver ratio can vary from one to four depending on the nature of the ligand and the stoicheiometric ratios used. The nature of the solution interaction of these adducts has been analysed principally through the use of 'P n.m.r. data.'-4 Solid-state single-crystal X-ray diffraction studies have been reported for the 1 : 1 complex of triphenylphosphine, with AgN0,,5 and for the mixed-metal 3: 1 complex Au,~,,Ag,~,,(PPh,),N03.6
Structural data available on related compounds include Ag[P(NMe,),],BPh, and Ag[P(C6H,Me3(2,4,6),],PF6' and the adducts of the biden tate ligand 2,ll-bis(diphen y 1phosphinomethyl)benzoCc) -phenanthrene, dpbp, with AgNO, and AgC104. 4 Recently, it has become technically feasible to obtain high-resolution solidstate ' P cross-polarization magic angle-spinning (c.p.m.a.s.) n.m.r. data which, in conjunction with solution n.m.r. data and X-ray diffraction results, provides important links between the structural characteristics of molecules in both the solid and solution states. In this paper we report the results of our study of the solid-state 3 1 P n.m.r. spectrum of Ag(PPh,)NO,, (l), and the solid-state 3 1 P n.m.r. spectra and crystal structure characterization of Ag(PPh3)2N0,, (2), Ag(PPh,),NO,, (3), and Ag(PPh3)4N0,, (4) .
Experimental
Preparation of Complexes.-All four com po u nds were prepared in a similar manner. Typically, silver nitrate (0.425 g, 0.0025 mol) dissolved in hot acetonitrile (2-3 cm3) was added to a warm solution of stoicheiometric quantities of triphenylphosphine dissolved in warm ethanol (50-80 cm3). The warm, clear solutions were allowed to cool slowly in the dark to give well formed crystals of the desired compounds.
Excessive heating of the solutions often lead to decomposition problems. Bulk samples were characterized by comparison of X-ray powder diffraction data with powder patterns calculated from single-crystal X-ray data * and subsequently by solid-state 31 P n.m.r. spectroscopy. Satisfactory results were obtained for 1 : 1, 3: 1, and 4 : l samples. Samples of the 2: 1 compound, however, always revealed some contamination due to the presence of other adducts, and possibly, photodecomposition products.
t Formerly Group 1B; refers to new 18-Group format of the Periodic Table. Structure Determinations.-Unique data sets were measured to the specified 28,,,. limits (Table 1 ) using a Syntex PT fourcircle diffractometer (monochromatic Mo-K, radiation source, h = 0.71069 A) in conventional 28-0 scan mode. N Independent reflections were measured, No with 1 > 30(I) being considered 'observed' and used in the full-matrix least-squares refinement with statistical weights after solution of the structures by the heavy-atom method. Data were corrected for absorption (analytical correction); (x, y, z, Uiso)H were included at idealized values. Residuals on IF1 at convergence were R, R'. 
Results and Discussion
Structure Determinations.-The structure determination of compound (2) is consistent with the stoicheiometry Ag(PPh,),-NO,, the asymmetric unit comprising a full formula unit of the complex. Whereas it is common to find isomorphism amongst isostoicheiometric adducts of triphenylphosphine with complexes of copper(I), silver (I), and gold(I), this is not the case here. The copper complex is reported to be monoclinic, space group 12/a, 2 = 4, with crystallographic 2 symmetry imposed on the formula unit so that the nitrate group is symmetrically bidentate with respect to the copper: l 2 Cu-P-0 2.256(3), 2.22(1) A respectively, with P-Cu-P 131.2(1) and 0-Cu-0 5 7 3 3 ) " . In the present silver(1) analogue, the formula unit is devoid of crystallographically imposed symmetry, in keeping with the Table 2 . Non-hydrogen-atom co-ordinates for compound Presence of a nitrate group which is now quite unsymmetrically co-ordinated; the compound is isostructural with the arsine analogue, for which the structure determination has been recently reported," and the Cell setting and numbering heme of the present derivative is presented in conformity with that complex, to enable convenient comparison between the two. In the Present compound Ag-P differ only trivially [2.443(1) and 2.440(1) A19 being Some 0.185 A longer than the corresponding Spectroscopy.-Solid-state 'P n.m.r. spectra of the compounds were obtained at room temperature on a Bruker CXP- Table 3 . Non-hydrogen-atom co-ordinates, for compound ( (6) A, although the steric bulk of that ligand and the lower associated co-ordination number increases the P-Ag-P angle to 179.4'; or for the complex Ag(dpbp)NO,? Ag-P 2.424(2) and 2.410(2) A, P-Ag-P 148.6(1)". As might be expected, these bond lengths are significantly longer than the distance [2.369 (6) A] found for the 1 : 1 compound Ag(PPh,)NO, (Table 5) . and suggest that the isomorphous replacement of the gold by silver has not significantly influenced the overall lattice geometry.
By contrast to the above, the structure determination of compound (4) shows that it is isomorphous with both Cu(PPh,),ClO, and Ag(PPh3),C10,. 23 The Ag-P distances (As)P-Ag-O( 1) (As)P-Ag-0(3) (As)P-Ag-O( 1') found for the perchlorate salt [2.668(5) and 2.650(2) A]. As in the perchlorate salts, the steric crowding of the four ligands around the central metal atom leads to a regular tetrahedral angular geometry, and the anion is disordered. As well as enabling comparison with their copper(1) analogues, the present results may also be compared with those of the arsine analogues in the cases of ( l F ( 3 ) ; although not available in an isomorphous system, the tetrakis(1igand) cation may be profitably compared with its arsenic counterpart in its salts with the [SnPh,(NO,),] -and [SnPh,(NO,),Cl] -counter ions.' Initial consideration of Ag-P,As distances by consideration of the weighted mean values for each species is given in Table 9 , where it is seen that the difference in bond lengths between comparable arsenic and phosphorus compounds diminishes from ca. 0.10 A to almost zero on passing from n = 1 to n = 4. Among the other ligands more subtle changes are observed. In compound (1) the rather short Ag-O(3) distance increases rather inexplicably on passing to the arsine analogue by almost 0.2 A, with associated large changes in the angles subtended at the silver atom which involve O(3). Table 6 . Molecular geometry of compound (2). Details in Table 5 2.443 (1) In considering the arsenic analogue of compound (2), attention has been drawn to its similarity to di-p-nitratotetrakis(trimethy1 phosphite)disilver(I) 24 (Table 6) ; it might reasonably be expected that in (2) the analogy might be closer. The spinning side bands observed on either side of the main signal indicate the existence of 3 1 P chemical shift anisotropy. The broadness of the bands does not permit the resolution of individual "' Ag and lo9Ag isotope peaks Table 7 . Molecular geometry of compound (3). Details as in Table 5 Ag-P( 1)
2.525 (1) the high symmetry of the P,AgO,AgP, core of the trimethyl phosphite complex (Table 9) , diminished on passing to the arsine, is further diminished on passing to (2), with one of the Ag-O(1) distances becoming very long while Ag-O(2) is somewhat shorter, perhaps indicative of incipient monomer formation with a bidentate nitrate group. Interestingly, in both (2) and its arsenic analogue the P,(As,)AgO( 1) component of the co-ordination sphere has an angle sum of 359.5 (358.0"), suggesting that the environment of the silver atoms in both is predominantly isosceles trigonal planar, a situation which is not the case in the trimethyl phosphite derivative in which 0 (1) is replaced by the (p-0,) bidentate groups. In the latter, surprisingly, Ag-0 is also shorter than in compound (2). The tendency towards increased P-Ag-P angle in (2) relative to the As-Ag-As angle in its analogue, concomitant with shorter metal-ligand distances, is continued in (3). The angle sum of the P,Ag group in compound (3) is 346.9, cf: 342.1' for As,Ag, and in keeping with this tendency the Ag-0 distances are substantially longer. In spite of the relatively weak coordination of the nitrate group, in this complex it is most nearly a symmetrical bidentate ligand (cf: the copper analogue, above) and a surprisingly large distortion is observed in its angular geometry in regard to diminution of the bidentate angle. However, it seems that this and the associated bond shortening may be largely due to the lack of a libration correction as the thermal parameters associated with all nitrate oxygen atoms are by far the highest in the structure; for the arsenic analogue, O( 1)-N-0(2) is reported as 109.5(9)".
Solid-state 'P N.M.R. Spectroscopy.-The solid-state c.p.m.a.s. 31P n.m.r. spectrum for each complex at room temperatures consists of unresolved doublets arising from 107Ag-31P and 10gAg-3'P spin-spin coupling (Figure) . Compounds (1,j(4) contain one, two, three, and two independent phosphorus atoms respectively. However, the signals from each phosphorus are resolved only for compound (Table 10 ). For (2), the splitting of v1 is slightly greater than that reported for Ag(PBu',),NO, (105 us. 75 cm-'), but still much less than that 
